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ABSTRACT

Symbolic Computations are very important since to get closed formula solutions in
many applications. One of the computer code is MACSYMA that is written in program
language LISP for the performing symbolic and numeric mathematical manipulations.
The purpose of this paper is to present a number of MACSYMA applications that show
how the new MACSYMA possibilities can be used in electromagnetics. To understand
the procedure easily, rectangular aperture antenna analysis has been studied and the
results have been illustrated.

SYMBOLIC COMPUTATION OF A RECTANGULAR APERTURE

The analysis of apertures begins by considering the radiation from the elemental area
oriented in the x=0 plane as shown in Figure 1. The elemental area is part of some
arbitrary aperture bounded by the curve C. The spherical coordinates of the elemental
area is (r', 7t/ 2,0') and the fields are to be evaluated at the point P(r, ,0).
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Figure 1. Elemental area Figure 2. Rectangular aperture
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Since the elemental area being analyzed can be excited by both electric and magnetic
fields, It is convenient to use both the magnetic and electric vector potentials[2].
Therefore; the magnetic (A) and electric (F) vector potentials become, respectively

(c0) (declarc(!la. ,,in, I,\e.n, e , hl], nonscalar), depends(frn,/J, [rpphiphet7pl))$
(c2) ýa:vect express(ru'exp(5' ik*r)Inl(4'%pi~r),sphercal);
(d2) ge.Ikr ikr e-Ikr Nloe Nr lNe i N

4n r 4 tr 4itr

(c3) lf:vecf express(epsion*exp(-%ikt)"r)(4* %pjot));
(d3) [ ce' kr Lr -Le'Ikr 'Ikr L 0

4 7rr 4 Tcr 47c r j

where N and L are the radiation vectors. The far electric field from the electric and magnetic
vector potentials becomes

(c4) le:vect express(-%YiW..%i'w/k^a2'grad(div(Wa))+curI(•,O/epsilon) $
(c5) (ie:ev(•e,diff), le:expand(0e));F -. kr .Ikr e-lkr -k

lie N0 cos(0) w ipe No cos(O) w ipe' Nrw L e' kr cos(O)

4 kr r 2 sin(O) + 2 2k 2 r3  4iEr 2sin(6)
(d5) ike' krL igN e kr

47tr 4itr-i~t kr 2 . -IkrN -Ikr k -Ikr
ipe N, cos (O) w ipe N0 w iIe N0w ikLee

4t k r'sin2 (0) 4 r 4 T k2 r3 4 t r

Since the far field distance is large, terms which vary inversely with the distance can be ignored
compared to the other terms so that for the far electric field

(d6) [ ik e-1kr (L No. Z0) ik e- kr (N1 Z0 + L-)

4 7r 4 7t r

A rectangular aperture of finite dimensions can be analyzed in terms of the elemental area.
Consider an aperture in the x=O plane with sides of lengths a and b in the y and z directions,
respectively, as shown in Figure 2. Let the electric field be aligned with the y axis and the
magnetic field be aligned with the z axis to give a plane wave traveling in the x direction. If the
aperture is uniformly illuminated, the electric field is constant in amplitude and phase over the
aperture. For this case, the electric and the magnetic surface current densities are

The radiation vectors for the rectangular aperture become
(C8) (,pj[O.yp~zp/. w-r:Ixshat~n'lt) •c's(P!hO.5in~th,.t'ru 'infphi.coo•(thta)J)$
(C9) '•n:infcgrate(ir teiqr e('V"exp(%i'A vect express(ar.rp)),yp -a'2,a/2),zp,-b'2.b/2)$

Is k sin(4) sin(0) zero or nonzero?

(c10) II:inte rat(•ga••~xp% ~ ~ pe•(rr)•p-•a/)z•b••

Is ksin(*) sin(0) zero or nonzero?

( I

(c12) ( X-7H : Nt RY
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The far electric field vector is obtained as

F .kr( COS($) +1 ( bkcos(0) ) i( aksin(4)sin(0)O
,e in = (8) +1) s,.- 2 9 ,n-E

(d 1 4 ) [0 , , s in (t) -2 2

n k sin (ý) r cos (0)

ie' krsin 2 bkcos() s in a ksin()sin(0) EO
-2 ). 2 )

Sk r sin(0•)

The electric field pattern is

(c15) (4,:srtjrhi ' -ar 1 }e, ?)"2ah,'pat , ?.,Iqq2vinr•<'lp~eo)s

(C06) defilTe(k0phi. the ta) subst(part(e. 1, 2,)=(1+cos(phihsin(theta))^ 2,e))$
(c17) rAai : I. i , r: 0 O(h,,bda. A:2 '.pi'OTstt da. a:. I"imiNi h;. la <ibdu)S

p tflo d(Io(ph[>thet a),theta,.OtO1l.%pi..OOOq~phhOOO1,Z'%pifOOO 1. Thetw (radj)", "Ptn (r;id)",

(c18) "Eppaitert) (a~b=O. i/abd;))z/aheL. " f V;) ",tfitmf•5(L,•tmnlIi5",p(O3y ?ty l ihC3d$

E pattern (a-bSO.1l*ambda)

CONCLUSION

Symbolic computation results of a uniformly illuminated rectangular aperture have been
obtained and the electric field pattern have been illustrated as a numerical example. So,
how the symbolic computation techniques can be applied to electromagnetics has been
shown.
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